Tetralogy of Fallot with Atrioventricular Canal Defect: Two Patch Repair  by Emani, Sitaram M. & del Nido, Pedro J.
m
r
R
r
p
t
hTetralogy of Fallot with
Atrioventricular Canal Defect: Two Patch Repair
Sitaram M. Emani, MD, and Pedro J. del Nido, MD2
f
bTetralogy of Fallot (TOF) with atrioventricular (AV)canal defect is classified as an endocardial cushion
defect with anterior deviation of the conal (infundibular)
septum. The net result is common AV valve, primum atrial
septal defect (ASD), inlet “canal” ventricular septal defect
(VSD), and right ventricular outflow tract (RVOT) ob-
struction. As a result, physiology may range from a “bal-
anced” circulation with a Qp/Qs of 1:1 to that of insuffi-
cient pulmonary blood flow depending on the degree of
RVOT obstruction.1,2 Elective repair is typically recom-
ended at approximately 6 months of age but may be
equired earlier if cyanosis ensues due to progressive
VOT obstruction. Many centers advocate complete repair
egardless of age at repair, although palliation with aorto-
ulmonary shunting followed by delayed repair is an al-
ernative in symptomatic neonates or patients who are at
igh risk for cardiopulmonary bypass.3,4
Preoperative imaging with echocardiogram must delin-
eate details regarding coronary anatomy, common AV
valve morphology, additional VSDs, and RVOT morphol-
ogy. Specifically, the presence of a significant coronary
artery crossing the RVOT may preclude a transannular or
infundibular patch in certain patients and necessitate
placement of a right ventricle to pulmonary artery con-
duit. If the echocardiogram is nondiagnostic, cardiac cath-
eterization may be indicated to define the coronary anat-
omy. The presence of this coronary anomaly might affect
the timing of an operation in an otherwise asymptomatic
patient and result in delaying repair until the child is older
to facilitate placement of a larger sized conduit. Examina-
tion of the RVOT morphology allows planning for either
valve-sparing reconstruction or transannular patch. In
terms of common AV valve anatomy and function, the
echocardiogram is useful to define the number of papillary
muscles on the left side of the heart. The presence of a
single left ventricle papillary muscle may result in left AV
valve stenosis following cleft closure. The presence of a
double orifice mitral valve is commonly missed by echo-
cardiogram but may alter surgical management of the cleft.
Although several different methods of repair have been
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http://dx.doi.org/10.1053/j.optechstcvs.2012.08.002utilized for complete AV canal defects, only the 1-patch
and 2-patch techniques are most commonly utilized. The
1-patch technique, which will not be presented, requires
incision of the superior and inferior bridging leaflets for
visualization of the VSD, and placement of a single patch
for both septal defects. It has been safely utilized by several
groups with good long-term outcomes.5,6 In contrast, the
-patch technique involves placement of separate patches
or closure of the septal defects without incision of the
ridging leaflets.7
Operative Technique
Approach
Through a median sternotomy, the pericardium is opened,
and a section of it is harvested and fixed in glutaraldehyde
(Fig. 1). Before proceeding to bypass, the coronary anatomy
is confirmed to ensure the absence of an important coronary
artery (dual left anterior descending) crossing over the
RVOT. The presence of an important crossing coronary
artery might obviate a transannular patch. The operation is
typically performedwith aortic and dual venous cannulation.
The left atrium is vented through a cannula placed through
the right upper pulmonary vein, and a cardioplegia cannula
is inserted into the ascending aorta. A cross-clamp is applied
to the ascending aorta, and antegrade cardioplegia is deliv-
ered. The superior vena cava and inferior vena cava are
snared, and the right atrium is opened longitudinal to the AV
groove.
Retraction sutures are placed within the opened atrium to
optimize visualization of the common AV valve (Fig. 2). On
initial inspection of the intracardiac anatomy, the coronary
sinus is identified. The AV node is typically located at the
crux of the inferior bridging leaflet with the crests of the
ventricular septal and atrial septal defects. Saline infusion
into the ventricle allows the leaflets to “float,” and allows
estimation of the approximate division of the right and left
components of the leaflets as well as the point of apposition.
The proposed line of division of the leaflets is marked by
sutures for later approximation.
Examination of the VSD through the common AV valves
reveals that there are no attachments of the superior bridging
leaflet to the crest of the ventricular septum (Fig. 3). There
may be attachments of the inferior bridging leaflet to the
crest. The VSD is typically larger under the superior bridging
Two-patch repair of tetralogy of Fallot with atrioventricular canal defect 223Figure 1 Surgical approach for Tetralogy of Fallot and AV canal defect. A median sternotomy with dual venous
cannulation and induced cardiac arrest. A left ventricular vent was placed through the right upper pulmonary vein.
AO  aorta; MPA  main pulmonary artery; pt.  patient; RA  right atrium.
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224 S.M. Emani and P.J. del NidoFigure 2 Location of key structures
on initial inspection through a trans-
atrial approach. The AV node is typ-
ically located at the crux of the infe-
rior bridging leaflet with the crests of
the ventricular septal and atrial sep-
tal defects. Saline infusion allows an
approximation of the superior and
inferior bridging leaflets planned to
repair. ASD  atrial septal defect;
AV atrioventricular; pt. patient.Figure 3 Examination of the ventric-
ular septal defect through the com-
mon AV valves. The distinct oblique
orientation and “comma” shape of
the ventricular septal defect in pa-
tients with tetralogy of Fallot and AV
canal is a result of anterior deviation
of the conal septum. ASD  atrial
eptal defect; VSD ventricular sep-
al defect.
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the crest of the ventricular septum deviates rightward as it
continues superiorly under the superior bridging leaflet. This
is in contrast to the anatomy seen in patients with AV canal
defect without TOF. The distinctive anatomy in this situation
derives from anterior deviation of the conal septum. The
anterior deviation of the conal septum results in an oblique
course of the crest of the ventricular septum as it courses from
inferior to superior.
Closure of the Ventricular Septal Defect
The orientation and shape of the VSD in patients with TOF
and AV canal defect differ slightly from that in the stan-
Figure 4 The Dacron patch is oriented appropriately a
continuous or interrupted sutures. The superior-most p
through the atrium. VSD  ventricular septal defect.dard AV canal defect. First of all, the defect is oriented in asomewhat of an oblique direction compared to the short
axis of the common AV valves such that the portion under
the superior bridging leaflet is displaced more to the right
due to an anterior deviation of the conal septum. Figure 3
emonstrates the shape of the VSD when viewed in cross
ection at the level of the crest of ventricular septum. The
SD, which is bordered by the crest of the ventricular
eptum apically and the common AV valves basally, takes
n the shape of a “comma.” The Dacron patch for the VSD
losure is fashioned accordingly.
Occasionally, attachments of the inferior bridging leaf-
et to the crest of the ventricular septummust be divided to
reate enough mobility of the inferior leaflet to admit the
acron patch (Fig. 4). The patch is oriented appropriately
n to the crest of the ventricular septum with either
f the ventricular septal defect cannot be accessed easilynd sew
ortion ond is sutured beginning at the midportion of the ventric-
226 S.M. Emani and P.J. del Nidoular septal crest. Either continuous suture or interrupted
sutures may be utilized for closure. Care must be taken to
orient the patch appropriately so that the inflection point
of the “comma” corresponds with the location of coapta-
tion of the superior and inferior bridging leaflets. Once the
patch has been secured in this position, it is sutured to the
superior portion of the VSD crest until the crest can no
longer be easily accessed transatrially. The superior-most
portion of the VSD closure will be completed through the
RVOT.
Next, the patch is sutured to the crest of the ventricular
Figure 5 The patch is sewn to the crest of the ventricular
to avoid the conduction system, which is located at the c
ASD  atrial septal defect.septum underlying the inferior bridging leaflet (Fig. 5). With
either running suture closure or interrupted closure, care
must be taken to avoid ensnaring the primary chordal attach-
ments of the right-sided valve leaflets. If a running suture
closure is utilized, chordal ensnarement may be avoided by
using a horizontal mattress closure technique. Once the crux
of the ventricular septum with the inferior bridging leaflet is
reached, the suture is exteriorized onto the atrial surface of
the inferior bridging leaflet. This suture will be subsequently
used to approximate the near edge of the Dacron patch to the
undersurface of the inferior bridging leaflet. To ensure
underlying the inferior bridging leaflet with care taken
he inferior bridging leaflet and ventricular septal defect.septum
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Two-patch repair of tetralogy of Fallot with atrioventricular canal defect 227proper alignment of the bridging leaflets over the Dacron VSD
patch, the superior-most portion of the VSD closure is completed
through the RVOT before AV valve septation (Figs. 6 and 7).
To complete the VSD closure and relieve RVOT obstruction,
an incision is made in the infundibulum of the right ventricle.
Retraction sutures are placed so as to identify the position of and
protect the left anterior descending coronary artery. The incision
is created between retraction sutures longitudinally and then
extended in a “T” fashion at the level of the pulmonary valve
annulus. A separate incision in the main pulmonary artery is
extended into a free sinus of the pulmonary valve. Typically a
valve-sparing approach is possible for patients with pulmonary
valveZ scores greater than3.5 and bicuspid pulmonary valve.
f the pulmonary valve is considered unsalvageable, then a
ransannular patch is necessary, and the MPA and infundibular
ncisions are connected.
Figure 6 Right ventricular outflow tract incision lines to
septal defect. Injury to the left anterior descending coro
right of the coronary artery. A separate incision in the m
the right ventricular outflow tract reconstruction. LAD
coronary artery.To better expose the VSD and relieve RVOT obstruction,
he parietal muscle bundles in the RVOT are divided and
esected as necessary (Fig. 7A). Occasionally, it may be nec-
ssary to divide septal bands as well, although care must be
aken during division of septal bands to prevent creation of a
SD. The superior portion of the VSD is closed through the
nfundibulotomy (Fig. 7B). If a running suture closure was
nitiated transatrially, this suture is delivered through the
nfundibulotomy to complete the suture line. The suture line
s carried around the conal septum until its junction with the
uperior bridging leaflet of the AV valve is reached. At this
oint, the suture is placed into the ventricular surface (un-
ersurface) of the superior bridging leaflet and retrieved on
he atrial side of the common AV valve (from the right atrial
ncision) to allow completion of the VSD closure through the
ransatrial approach.
lete closure of the superior portion of the ventricular
tery is avoided by placement of marking sutures to the
lmonary artery will subsequently be required as part of
ft anterior descending coronary artery; RCA  rightcomp
nary ar
ain pu
 le
228 S.M. Emani and P.J. del NidoFigure 7 (A) Division of parietal muscle bundles in the right ventricular outflow tract improves exposure to the
underlying ventricular septal defect and relieves right ventricular outflow tract obstruction. (B) The superior portion of
the ventricular septal defect is closed through the infundibulotomy. m.  muscle.
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Septation and Cleft Closure
Through the atriotomy, bridging leaflets are aligned over the Da-
cronpatch, and the previously placed sutures through the superior
and inferior bridging leaflets are placed on tension (Fig. 8). The
superior and inferior bridging leaflets had been previouslymarked
Figure 8 Septation of the common AV valve. The superio
demarcate the division between the right and left compo
sutured to the superior and inferior bridging leaflets.to demarcate the division between the right and left components,
and at this position the top edge of the Dacron patch is sutured to
the superior and inferior bridging leaflets. It is useful to place this
suturebefore furtherAVvalve septationas itpositions the inflection
pointof the “comma”of theDacronpatch to thecoaptationpointof
the superior and inferior bridging leaflets.
nferior bridging leaflets had been previously marked to
and at this position the top edge of the Dacron patch isr and i
nents,
lar sep
230 S.M. Emani and P.J. del NidoThe path of the suture line between the AV valve leaflets
and the top edge of the Dacron patch now becomes obvi-
ous as the previously placed sutures transfix the patch at
Figure 9 Completion of the closure of the ventricuthe bases of the bridging leaflets (Fig. 9). A running suture
closure is used to complete fixation of the bridging leaflets
to the Dacron patch.
tal defect and septation of the common AV valve.
Two-patch repair of tetralogy of Fallot with atrioventricular canal defect 231Suture closure of the left AV valve cleft begins at the at-
tachments of the primary chordae to the left component of
the superior and inferior bridging leaflets (Fig. 10). It is
Figure 10 Closure of cleft in left and right AV valves. Left
primary chords onto the leaflet to avoid future developm
for the right valve.important to extend the cleft closure all the way to the attach-
ments of these primary chordae to prevent late development
of left-sided AV valve regurgitation.
lve cleft closure must extend to the point of insertion of
f regurgitation. A simple suture approximation sufficesAV va
ent o
232 S.M. Emani and P.J. del NidoThe closure of the left-sided cleft is completed with running
suture closure in 2 layers (Fig. 11). Although some centers perform
cleft closurewith interrupted suture and pledgetmaterial, thismay
result in decreasedmobility of the anterior leaflet if fibrotic reaction
ensues. To prevent late development of mitral regurgitation due to
posterior annular enlargement, a partial posterior suture annulo-
Figure 11 Posterior suture annuloplasty to prevent late d
extends from commissure to commissure.plasty isperformed fromcommissure tocommissure.Caremustbetaken to avoid injury to the circumflex coronary artery,which trav-
els posterior to theposterior annulus.Closure of the right-sidedAV
valve cleft is particularly important in patients with TOF and AV
canal defect, as elevated right ventricular pictures may result from
residual RVOT obstruction following valve-sparing repair. The
presence of trisomy 21 further increases the risk of developing ele-
ment of AV valve regurgitation. A partial annuloplastyevelopvated right ventricular pressures.
oventr
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Fixed autologous pericardium is used to close the primum
ASD (Fig. 12). As the patch is sutured to the atrial surface
of the superior and inferior bridging leaflets, its pathway
may differ from the pathway taken by the VSD patch. This
is 1 advantage of utilizing a 2-patch technique over a sin-
gle-patch technique for repair of TOF with an AV canal
defect. The AV node is located at the confluence of the
inferior bridging leaflet, the ASD, and the VSD. To avoid
Figure 12 Closure of the primum atrial septal defect. To a
AV valve and into the mouth of the coronary sinus. T
presence of right ventricular noncompliance. AV  atriinjury to the AV node, the atrial patch must be placedeither to the right or to the left of the node. At our insti-
tution, this is typically performed by suturing the atrial
patch onto the rightward aspect of the inferior bridging
leaflet, continuing the patch on the trabecular portion of
the atrium toward the coronary sinus and then placing
sutures within the mouth of the coronary sinus to avoid
the node. The coronary sinus continues to drain into the
right atrium. Finally, the patch continues on to the edge of
the primum ASD. The coronary sinus can also be left
e conduction system, the patch is placed onto the right
estration allows maintenance of cardiac output in the
icular; CS  coronary sinus.void th
he fendraining into the left atrium by suturing the atrial patch to
to ma
234 S.M. Emani and P.J. del Nidothe right of the coronary sinus. Another alternative is to
suture the patch along the left component of the inferior
bridging leaflet, taking shallow bites near the crux so as to
avoid injury to the node. A fenestration in the ASD patch is
advisable given the relatively small size and hypertrophy
of the right ventricle, as well as the right ventriculotomy,
all of which contribute to a transient decrease in the right
ventricular compliance postoperatively. A 4-mm punch
can be used to maintain a reliable defect. Additional se-
cundum ASD is often present and is closed with either
primary suture or patch closure. Before complete closure
of the ASD patch suture lines, the left atrial vent is ad-
vanced across the left AV valve into the left ventricle to
assist with ventricular de-airing.
Figure 13 Pulmonary valve commissurotomies. Typicall
continued into the media of the main pulmonary arteryRight Ventricular
Outflow Tract Reconstruction
As part of the valve-sparing repair of TOF, the pulmonary
valve is examined (Fig. 13). Commissurotomies are per-
formed, with extension into the medial layer of the main
pulmonary artery to increase mobility of the leaflets. Valve
and annular dilation can be accomplished with Hegar or
intraoperative balloon dilation.8 The balloon is sized at ap-
proximately 120% of the annular diameter obtained by echo-
cardiography. The right atrium is primarily closed.
The main pulmonary artery and the infundibular incisions
are patch augmented using autologous pericardium to complete
the relief of RVOT obstruction (Fig. 14). TheMPApatch is often
valve is bicuspid or unicuspid. The incision should be
ximize leaflet excursion.y, the
anfundi
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patch can be performedwith the cross-clampoff, as long as a left
ventricular vent is in place to prevent ejection of air that may be
entrained through the atrial fenestration.
Intraoperative Evaluation of Repair
Following discontinuation of cardiopulmonary bypass, an
echocardiogram is obtained to evaluate AV valves regurgita-
tion, residual ventricular or atrial septal defects, and RVOT
gradient as well as degree of regurgitation. Right ventricular
pressure may be obtained by direct measurement. Although
there is no standard threshold for revision to transannular
patch, right ventricular pressures greater than 3/4 systemic
are unlikely to resolve spontaneously or by catheter-based
intervention and would be an indication for revision. If a
residual ventricular septal defect is suspected, right atrial and
pulmonary artery pressures can be obtained to evaluate the
degree of shunt. Pulmonary artery saturation 80% may be
n indication to revise the ventricular septal defect repair.9
Conclusions
In general, the results have improved significantly over the past
10 years, with operative mortality ranging from 5% to 20%.3,6,7
Repeat intervention for RVOT obstruction occurs in approxi-
Figure 14 Closure of the main pulmonary artery and imately 10% of patients, but an RVOT gradient persists in mostpatients who undergo a valve-sparing approach. The incidence
of recurrent AV valve regurgitation is approximately 10%.
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